Since the invention of the phase analysis technique from ECG-gated myocardial perfusion SPECT by Chen et al in 2005, 1 it has been widely used to measure leftventricular mechanical dyssynchrony (LVMD). Briefly, the phase analysis technique applies a one-dimensional First-harmonic Fourier approximation to the count variation over cardiac frames for each myocardial region on nuclear images and thus generates a 3D phase distribution that describes the timing of LV onset of mechanical contraction over the entire R-R cycle.
Since the invention of the phase analysis technique from ECG-gated myocardial perfusion SPECT by Chen et al in 2005, 1 it has been widely used to measure leftventricular mechanical dyssynchrony (LVMD). Briefly, the phase analysis technique applies a one-dimensional First-harmonic Fourier approximation to the count variation over cardiac frames for each myocardial region on nuclear images and thus generates a 3D phase distribution that describes the timing of LV onset of mechanical contraction over the entire R-R cycle.
1,2 The technique is fully automated, and has effective temporal resolution of *15 ms for a heart rate of 60/minute, high inter-and intra-observer reproducibility, good robustness with camera types, tracer dose, heart rate, and perfusion defects. 2, 3 The commonly used clinical parameters from phase analysis include peak phase (PP), phase standard deviation (PSD), phase bandwidth (PBW), phase histogram skewness, and phase histogram kurtosis. 4 found that PSD and PWB by phase analysis from SPECT correlated well with LVMD assessed with 2D TDI (r = 0.80, P \ 0.0001 and r = 0.89, P \ 0.0001, respectively); histogram skewness and kurtosis correlated less well with LVMD on 2D TDI (r = -0.52, P \ 0.0001 and r = -0.45, P \ 0.0001, respectively). Marsan et al 5 found that PSD and PBW showed good correlation with 3D TDI (r = 0.74, P \ 0.0001 and r = 0.77, P \ 0.0001, respectively); histogram skewness showed a poor correlation with 3D TDI (r = -0.30, P = 0.06); there was no correlation between histogram kurtosis and 3D TDI (r = -0.14, P = 0.38). PSD and PBW showed the best correlation with the dyssynchrony assessed with echo; hence, they are more commonly used to report the LVMD from gated myocardial perfusion SPECT.
Furthermore, PSD and PBW have been extensively used for the patient selection and prognosis of cardiovascular diseases. In a study with 42 cardiac resynchronization therapy (CRT) patients, 6 it was demonstrated that responders (71%) and non-responders (29%) had comparable baseline characteristics, except for PSD (56.3°± 19.9°vs. 37.1°± 14.4°, P \ 0.01) and PBW (175°± 63°vs. 117°± 51°, P \ 0.01), which were significantly larger in responders compared with non-responders. Moreover, the receiver operating characteristic (ROC) curve analysis demonstrated an optimal cutoff value of 43°for PSD (sensitivity and specificity of 74%) and of 135°for PBW (sensitivity and specificity of 70%) for the prediction of CRT response. In a study with 22 patients who had irreversible ischemic cardiomyopathy and received CRT for at least 12 months, 7 it was found that PBW was an independent predictor of ventricular arrhythmia. The optimal cutoff value of PBW from ROC curve analysis was [139°. The sensitivity, specificity, positive predictive value, and negative predictive value were 78%, 92%, 88%, and 86%, respectively. Accordingly, further implantation of defibrillator may be considered for those patients with PBW [139°. LVMD was also used to predict major adverse cardiac events (MACE). 8 It was found that PSD and PBW were associated with a significantly higher incidence of MACE (P \ 0.001) and proved to a strong predictor of MACE independent of other known predictors such as perfusion defects or decreased leftventricular ejection fraction (LVEF). Goldberg et al 9 enrolled 324 consecutive patients with non-ischemic cardiomyopathy (NICM), LVEF 35%-50%, and QRS \ 150 ms and found that the patients who died had a trend toward a higher mean PSD (P = 0.1) and PBW (P = 0.08). After adjusting for age, hypertension, diabetes, aspirin, beta-blockers, diuretics, QRS, and LVEF, PSD and PBW were independent predictors of all-cause mortality and added incremental prognostic value (P = 0.025 for PSD). In a study by Dr. Wang et al, 10 severe LVMD was defined as both PSD[43°and PBW[135°. In the 48 medically treated dilated cardiomyopathy (DCM) patients, including 14 patients with QRS C 120 ms, 12 cardiac deaths occurred. Compared to survivors, patients with cardiac death had higher PSD (44.0°± 11.0°vs. 29.0°± 15.9°, P = 0.004) and PBW (157.0°± 37.9°vs. 105.4°± 58°, P = 0.006).
Nevertheless, it has been reported that PSD and PBW may be influenced by the outliers of phase measurement.
11-13 PSD may be inappropriate to characterize the widely distributed and sometimes multi-peak distributions in phase histograms; PBW includes nearly a whole range (95%) of histogram distribution by excluding possible phase outliers; the phase entropy, which is defined as a term of information theory, reflecting the disorder or uncertainty of a system, is considered to be a promising parameter to characterize the distribution of phase angles. 13 Phase entropy was reported to be not influenced by the presence of outliers, and it is potentially more sensitive for assessing the index of dispersion than the PSD. 11, 12 In a study for CRT patient selection, 14 it was demonstrated that a cutoff value of 21°for PSD with a sensitivity of 90% and specificity of 74%, a cutoff value of 112°for PBW with a sensitivity of 72% and specificity of 70%, and a cutoff of 52% for entropy with a sensitivity of 90% and a specificity of 80% were considered to predict the CRT response.
Noteworthy, in the recent study by Nakajima et al 13 LVMD parameters, including PSD, PBW, and entropy, measured by different software packages, were compared using normal subjects from the Japanese Society of Nuclear Medicine working group and it was reported that LVMD parameters cannot be interchangeably used among these software packages. The measurement of LVMD may be influenced by several factors, such as, gender, total accumulated count or noise, amount of injected radionuclide, stress or rest, and number of frames per cardiac cycle, myocardial wall sampling algorithms, and configurations.
In the current issue of the journal, Kano et al 15 studied the prognostic value of phase entropy by phase analysis of myocardial perfusion SPECT in DCM patients with narrow QRS complex. Two major findings should be noticed:
(1) Phase entropy measured by phase analysis from ECG-gated myocardial perfusion SPECT is a useful parameter in assessing LVMD in patients with DCM. They examined the data accuracy of the selection of LV base site among PSD, PBW, and phase entropy, and confirmed that phase entropy was less influenced by the selection of LV base site than PSD and PBW. Although LV base selection is a major problem influencing the accuracy of phase analysis especially in patients with DCM, phase entropy may have superior accuracy than PSD and PBW. Thus, phase entropy may be more useful in assessing the LVMD in patients with DCM. (2) Phase entropy is a novel prognostic predictor of adverse cardiac events in patients with mild to moderate DCM and narrow QRS complex (QRS \ 120 ms). The prolonged QRS duration is associated with a poor prognosis in patients with congestive HF. 16 LVMD was observed in 27% to 56% of patients with a normal QRS complex, 17 and the QRS duration was reported not to correlate with LVMD. 18 Therefore, it is important to investigate the prognostic value of LVMD in DCM patient with narrow QRS. The univariate and multivariate Cox regression analysis in this study revealed that the high-phase entropy was a significant and independent predictor of cardiac events. Thus, LVMD by phase entropy has promise for clinicians to more accurately risk-stratify asymptomatic or mildly symptomatic patients with DCM than does the QRS on an ECG. Although the authors strongly emphasized that the phase entropy was a more useful parameter than PSD and PBW in assessing the LVMD in patients with DCM, the superior prognostic value of entropy over PSD and PBW still needs further investigation. In this study, the P values of PSD and PBW were as small as entropy (all P \ 0.0001) between the groups of low-and high-phase entropy ( Table 2 in 15 ). Besides, some other software programs for phase analysis of myocardial perfusion SPECT cannot provide the measurement of phase entropy and it might be interesting whether such software programs would be limited in assessing the prognosis of DCM patients with narrow QRS. Unfortunately, the authors did not further compare the entropy with PSD and PBW.
However, to further improve the clinical value of LVMD in DCM patients, several significant issues still need to be resolved:
(1) Improvement of the LVMD measurement. Our experience suggests that the major operation which influences LVMD measured by phase analysis from gated myocardial perfusion SPECT is the specification of LV parameters, including LV center, radius, apex, and base. The biggest variation is the selection of base on gated myocardial perfusion SPECT images. The factors that cause ambiguities during the selection of base slices may include the following: (1) the limited resolution of myocardial perfusion SPECT images and the partial volume effect, making the boundary between the LV myocardial base and background unclear; (2) the gating error, patient, and heart motion, and perfusion defect near bases. The severe shape deformation and abnormalities of myocardial perfusion and wall motion in DCM patients even bring more challenges to the parameter specification. It is important to enhance the specification of LV parameters and improve the accuracy of LVMD parameters. (2) Measurement of LV diastolic dyssynchrony. The phase analysis technique using multi-harmonic Fourier approximation to measure LV diastolic dyssynchrony has been developed and validated by previous studies. [19] [20] [21] A comparative study demonstrated that there was a good correlation between diastolic dyssynchrony by phase analysis from gated myocardial perfusion SPECT and that by TDI (r = 0.81, P \ 0.01 for diastolic PSD; r = 0.75, P \ 0.01 for diastolic PBW). 20 In the study by Chen et al, 19 it was found that the diastolic dyssynchrony parameters were significantly different from the systolic dyssynchrony parameters: the correlation coefficients between the systolic and diastolic dyssynchrony parameters from myocardial perfusion SPECT in 30 normal subjects were 0.53 and 0.61 for PSD and PBW, respectively; the correlation coefficients between the systolic and diastolic dyssynchrony parameters in 121 patients with endstage renal disease and normal LVEF were 0.78 and 0.79 for PSD and PBW, respectively. The study by Hsu et al 21 demonstrated that the patients with severe LV systolic dysfunction had severe LV systolic dyssynchrony, but the patients with LV diastolic dysfunction did not necessarily have LV diastolic dyssynchrony. The systolic and diastolic dyssynchrony were physiologically related, but measured different LV mechanisms. As a consequence, diastolic dyssynchrony parameters may be valuable in patients with DCM. (3) Further clarification of the relationship between LVMD and SERCA2a mRNA levels. The correlation between SERCA2a level and LVMD represented by phase entropy was the strongest among the investigated cardiac parameters, and phase entropy was more closely associated with a decrease in SERCA2a mRNA level rather than the other parameters regarding overall LV dysfunction. However, the pathophysiological mechanisms and cause-effect relationship remain unclear. It should be noted that the mRNA levels may vary with regions and be affected by the selection of biopsy sites. As a result, the SERCA2a mRNA level should be a regional parameter rather than a global index when compared to phase entropy. A regionbased comparison may contribute to the clarification. On the other hand, diastolic dyssynchrony may also be assessed to reveal the pathophysiological mechanism.
